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(57) Abstract 

A p-type ZnO single crystal having a low resistance; and a method for producing the p-type ZnO single crystal, which comprises 
providing a substrate (2) in a vacuum chamber (1) and supplying, to the substrate (2), gaseous atoms of Zn, O, N (p-type dopant) and Ga 
(n-typc dopant) in a manner wherein the feeds of N and Ga are controlled so that the ratio of N:Ga in a crystal is 2:1, to thereby grow a 
p-typc ZnO single crystal containing N and Ga. 
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1.0X10" 


110 


35 


0.08 


100 



m2 



II 


«@/cm' ) 


(cm W • s) 


(S2 • cm) 


CO 


G a. C 


C 


G a, C 


C 


G a , C 


C 




+ ZnMm 


+ Zn)giJ 


+ Zn3iiiJ 


350 


7.5x10" 


9.0X10" 


8.0 


0.4 


95 


85000 


9.8X10" 


8.2 


65 


400 


1.5X10" 


1. 2X10" 


11 


0.7 


45 


35000 


3.0x10" 


12 


22 


450 


2.5x10" 


2. 3x10" 


21 


1.0 


8.0 


11500 


4.5x10" 


21 


4.5 


600 


1.0X10" 


1.0X10" 


32 


1.7 


0.9 


950 


2.5X10" 


33 


0. 75 
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mm 


<m/m' ) 


(cmW 


•s) 


mm 

( Q • cm) 


(V) 


I n, C 


C 


I n, C 


C 


I n, C 


C 




+ ZnjiiiJ 


+ZnMM 


+ZnjiiiJ 


350 


4.5x10" 


9.0X10" 


10.0 


0. 4 


110 


1 

85G00 


7.8x10" 


10.5 


75 


400 


0.3X10" 


1.2x10" 


14 


0. 7 


65 


35000 


1.8X10" 


13 


33 


450 


0. 5 X 10 " 


2,3X10" 


31 


1.0 


11 


11500 


1. 2 X 10 " 


44 


2.5 


600 


0.2x10" 


1. 0X10" 


41 


1. 7 


0.6 


950 


1. 1X10" 


41 


0. 25 



1 7 



WEST 




PCT/JP99/a5581 



wo 00/22202 



PCT/JP99/0SS81 



^^x-u^ hn^i^xTO. iSAM^^^J^V^- K^^^^^l/-- tf^s 
0 KUio 



wo (MW2202 PCT/JP99/05581 

tt ^ ® fg H 

1. m^tm^ (zno) ©#i*^cj3{c. mm (n) *>b/<i:§p3! K-/^° 

> h t^O^ (B) ^ 7;l/^ ^-^7^ (A 1) > ^ (G a) ^ *J 
5 ckCFTfc^ (H) ®l^'rn*^— oJi^±;6^^>^£^nM K-^N°> h <!:;6<#*tl 

T I ^ C i i -r ^ p M Z n 0 ^Ig^o 

2. ^>fh#^ (ZnO) ©^^ra^JJ-s (C) ir-^t^^ i^mV-^^ 
yVt. t^'ym (B) s TJUi-^M. (A 1 ) . P^f'J -^A (G a) . ^ 

10 x\.^6 zt^ii^mtt ?>pmznom^^ao 

3. MM (ZnO) (Dm^^a^it. (C) jOm^^'-SpSIIF-^n" 

> h t. ^yJ^U ( I n) tf^^il-^um. K-/N°> h i^^-f^^tlTl^'S 
C i^^Mi-f^ pg^Z n O^ilgrHo 

4. 5f^-;UiiS*n X 1 0 " (ffl/cm' ) £^±T*:5Ci^i|$^it 
1 5 ^^^©IgHII l~35©('^-rn7&> i:®{clS«^cDpMZ nO^i^H^o 

5. m^tg}n:^;6U 0 0 £2 • c m J; «9 C> ;i i <&#Mi-r ^ff^O 
fga^ 1 ~ 3 1|0 1 1 fclSfJ© p M Z n 0 #ig^o 

6. (N) thk>ti^v>m.^-'^yvb. ^-^S (B) . t;1/$^'> 
A (A 1) . p^U'^A (Ga) . :foJ;c;7j<^ (H) ® i,>-rn*>-oii>(± 

^ J: 19 < n£ ^ J: 9 fc K - h° > ^ <!: i'T'SpMZnO^iig 

7. (C) *>S)ni:^pS!iK-/N°> hi. (B) . t;1/$-'> 
A (A 1 ) ^ "^A (G a) . feci;»^ (H) ®l^•rn:6^-oJ^i± 

i[J;«9i^< /d:SJ;9(c K- b°>i>*^^ ;i i^^i^i^-S pMZ n O^^ 



19 



WEST 



wo 00/22202 



PCT/JP99/05581 



8. mm (C) h ^yJ^L. (I n) ij^^U 
5 W3'^o 

9. M (Zn) (0) :c.^\,mmKmi&tz^t^^mtir^ 

ft^OfSa^ 7 ]® * \m 8 lllBig© p M Z n 0 ^^a^BOSii^:S-So 

10. pM K-^^°> h^JctO'nM K-^^°> h^. ^mV-^^y VWi^*^ 

n §y K-/N° y V 1 . 5 fgH± 5 ^£IT tu-^^oKY- ey^'t 

1 0 ^c:<!:^#^<l:•r^MOfEfflB6~8]gO^.^■ftl:()^lS{^l^«g©pii 
Z n 0#|gfHO^ii:&^o 

1 1. M (Zn) ^focfcOf^m (0) ip§2K-/^°>h*JJ:afn3!lK- 

hinS^K-/^°>hi^^W-r'5m'fbM (ZnO) 0#^^a^fi£^^ 

1 5 ■ti--S«::<!:^#i!f<i:-r^W*0|gEI^6~8I|®l^-fn3&U^{C|Bift©P 

MZno#*gra©M::^^o 

12. ^##SiK±{-. pM K-^^°> h«hn3^ K-^^°> hi^^^tt^ 

K-fbS^ (ZnO) ©^fg^M^^-a-fc^. 

ii* It /i ^> ^Ma-t S C i <^#1t i -r ^ © iaaill 1 ^ 

2 0 © p M Z n omm^B(DWim:-^rko 

13. pMK-^N°> ^*5J:C//^^{i^i!{K-^^°> ^i>'^2^> 
*&tS::<!:>&#mi-r^M^©l5H^l l^fUdil 2mKB^(Dpmz 



2 0 



WEST 




WEST 



wo 00/22202 



PCT/JP99/05581 




2/2 



SBS|ilK## PCT/JP99/0558 1 



A. %w<oM-r«^»®^>s m^^n^m (i po ) 

Int. CI.* C30B29/16, H01L21/363 



m^m-yiiSc^mm mmmm ci po ) 

Int CI.' C30B1/00-35/00. H01L2 1/20 3, H01L2 1/205, 
H01L2 1/3 63. H01L2 1/36 5, H01L21/31, 
H01L33/00 



B*Bllffl»f3S&» 1 9 26-1 996¥ 

ummnrnmrn'm i s 7 1 - 1 9 9 9¥ 

0*aS»^ffl«f3S&a 1994-1999¥ 

B*mmm&»^ 1996-1999¥ 



CAS ONLINE, 

fp-type, p(w)type, ZnO, zinc(w)oxide, N, nitrogen, C, carbon, filmj 











X 

X 
A 

A 


K. Minegishi et al. , 'Growth of p-type Zinc Oxide Films by 
Chemical Vapor Deposition', Japanese Journal of Applied 
Physics. Vol. 36. part 2, No. IIA, 1. Nov. 1997. 
pp. L 1453 - L 1455 
pp. L 1453 ^fla^lS^T - pp. L 1454 ;fe«l^4^t. 

pp. L 1454 y^mf^m - pp. L 1455 &m^2n 

Table 1 

jp, 10-53497. A m^m^mmmm) . 24.2^.1998(24.02.98) 

& EP, 823498, Al & US, 5891243, A 


1,6,11 
5 

2-4, 7-10. 12. 
13 

1-13 






1 0 • 1 1 * *7 9 


^011.99 


H*a«fffFfr (I SA/JP) 
SfflS^l 0 0-8915 
mS:i»=Ff^HES*SBiHT B 4 # 3 # 


mSS^ 03-3581-1101 


^, 4G 2 92 7 

^)LJ 


3 4 16 



m^PCT/I SA/2 1 0 (S2-<-t^) (1 9 9 8^7>g) 



